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© ROTOR STRUCTURE OF THE RADIAL TYPE. 



© In the rotor structure of a synchronous motor of 
the radial type having a shaft (12) composed of a 
magnetic material and in which rotor core members 
(20) are held by magnets (18), the magnetic shaft 
(12) causes a leakage of the fluxes during its mag- 
netization or the rotation of the rotor, thereby de- 
grading the magnetizing property and output perfor- 
mance. Therefore, the leakage of magnetic flux is 
decreased by decreasing the diameter of a shaft 
portion (12a) that faces the inner surface of the rotor 
body (10). The decerase in the resistance of the 
shaft (12) to bending is compensated for by filling 
the gap between the rotor body (10) and the shaft 
portion (12a) with a resin material (22) and by for- 
ming a knot (24). 
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TECHNICAL FIELD 



The present invention relates to a structure of 
the radia! type rotor in a synchronous type motor, 
which has a shaft comprised of a magnetic material 
and which holds the rotor core by magnets. 

BACKGROUND ART 

In general, rotor shafts are high in strength and 
are made using inexpensive ferrous bar materials. 
In a rotor of a radial type where the rotor core is 
held by magnets, however, the existence of a fer- 
rous shaft, which is a ferromagnetic body, results in 
a smaller density of magnetic flux passing through 
the magnet portions close to the shaft upon mag- 
netization and thus causes incomplete magnetiz- 
ation. Further, after magnetization, when turning the 
rotor so as to obtain the torque output for the 
motor, the magnetic flux leaks to the shaft and 
therefore it sometimes is not possible to obtain a 
desired torque output. 

To reduce the leakage of magnetic flux at the 
magnetization and the output rotation, the shaft 
material has been made stainless steel or other 
nonmagnetic materials and the region of the shaft 
opposing the magnets has been made smaller. 

Stainless steel, however, is expensive and by 
making the shaft smaller in diameter, the strength 
of the shaft is remarkably reduced. 

DISCLOSURE OF THE INVENTION 

Accordingly, to resolve the above problems, an 
object of the present invention is to provide a rotor 
structure which raises the magnetization of the 
magnets and raises the torque output without re- 
ducing the strength of the shaft, at low cost. 

In consideration of the above object, there is 
provided a structure of the radial type rotor which 
has a shaft comprised of a magnetic material and 
has a rotor core held by magnets, said structure of 
the radial type rotor characterized in that the por- 
tion of the shaft opposing the rotor body is formed 
to be narrower than other portions and the gap 
between the narrow portion of the shaft and the 
said rotor body is filled with a resin material which 
is then cured. 

Further, it provides a structure of the radial 
type rotor characterized in that a thin node is 
formed at the above-mentioned narrow portion re- 
gardless of the presence or absence of the above- 
mentioned resin material. 

Although the shaft is comprised of iron or an- 
other high strength magnetic material, the- portion 
opposing the rotor body is made narrow so that it 
is possible to reduce the leakage of magnetic flux 



from the magnet portion to the shaft both upon 
magnetization and upon rotation of the rotor. In this 
case, the shaft is reinforced in strength by filling 
and curing a resin material in the gap between the 

5 said shaft and the rotor body. 

Further, instead of filling a resin material, it is 
possible to provide a node at the narrow portion of 
the shaft and have the node abut against the inner 
circumference of the rotor when a bending force 

10 acts on the shaft so as to enable the bending force 
to be withstood. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a lateral sectional view of a rotor 
75 according to the present invention; 

Fig. 2 is a longitudinal sectional view along the 
arrow line IMI of Fig. 1; 

Fig. 3 is a lateral sectional view showing another 

embodiment of the rotor according to the 
20 present invention; and 

Fig. 4 is a longitudinal sectional view along the 

arrow line IV-IV of Fig. 3. 
BEST MODE FOR CARRYING OUT THE INVEN- 
TION 

25 

Below, a more detailed explanation will be 
made of the present invention based on the em- 
bodiments shown in the attached drawings. First, 
referring to Fig. 1 and Fig. 2, a rotor core 20 

30 comprised of laminated plates and held by mag- 
nets 18 is held by end plates 14 at its two ends in 
the longitudinal direction along with the magnets 
18, and, further, is penetrated and held by rods 15 
to thus form a rotor body 10. Through this rotor 

35 body 10 is inserted a shaft 12, which is tightened 
to form the rotor. The portion opposing the rotor 
body 10 is a narrow shaft portion 12a formed to be 
small in diameter. The radial type of rotor shown in 
this figure is assembled in this way and then mag- 

40 netized. At that time, to prevent the presence of the 
shaft 12 made of the low cost ferrous ferromag- 
netic material from causing leakage of magnetiz- 
ation magnetic flux to the magnets 18, the region 
opposing the rotor body 10, that is, the region 

45 opposing the magnets 18, Is formed to be smaller 
in diameter so as to be distanced from the inner 
circumferential surface of the rotor 10. 

If a bending force acts on the shaft, however, 
deflection inversely proportional to the fourth power 

so of the diameter occurs, so there is a major problem 
in the strength of the shaft if it is left small in 
diameter. Therefore, in the present invention, for 
example, liquid resin, for example, epoxy resin, is 
poured from a hole 14a provided in the end plate 
14 so as to fill the gap between the rotor body 10 
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and the narrow shaft portion 12a. This is cured to 
form a resin layer 22 and thus reinforce the shaft 
12. 

As a means for reinforcing the shaft 12 against 
bending force, for example, the method shown in 
Fig, 3 and Fig. 4 may be used. That is, a thin and 
annular node 24 is formed near the center of the 
narrow portion 12a. When the shaft 12 is bent, the 
node 24 abuts against the inner circumferential 
surface of the rotor body 10 and the rigidity of the 
rotor body 10 enables the shaft 12 from being bent 
more than that. In this case, the dimension of the 
gap between the outer circumference of the node 
24 and the inner circumference of the rotor 10 
must be set below the amount of allowable deflec- 
tion of the shaft 12, but the outer diameter dimen- 
sion of the node 24 cannot always be set to the 
convenient dimension due to limitations of assem- 
bly of the shaft 12 into the rotor body 10 etc. 
Therefore, the rotor 10 has mounted to it an an- 
nular plate member 26 comprised of a nonmag- 
netic material at a position where the shaft 12 
opposes the node 24, and the inner diameter di- 
mension of the inner circumference 26a of the 
annular plate 26 is set, with respect to the outer 
diameter dimension of the outer circumference 24a 
of the node 24, to a dimension determined by the 
amount of allowable deflection of the shaft 12. The 
inherent object of the present invention is to reduce 
the amount of leakage of magnetic flux from the 
magnets due to the presence of the shaft 1 2 made 
of a ferromagnetic material, so the above-men- 
tioned node 24 is desirably formed thin within the 
range where it can perform its reinforcing action. 
Further, the inner diameter dimension of the an- 
nular piate 26 formed of a nonmagnetic material is 
preferably made small, within the range not ob- 
structing the work of inserting and assembling the 
shaft 12 into the rotor body 10, and the outer 
diameter dimension of the node 24 of the shaft is 
preferably made correspondingly small. Further, 
not just one set of the above-mentioned node 24 
and annular plate 25, but, in accordance with need, 
several sets may be provided, but provision, to the 
extent possible, at the center of the rotor body 10 
in the longitudinal direction effectively prevents de- 
flection of the shaft 12 and acts to reinforce the 
shaft 12. 

When the above node 24 is used, it is not 
always necessary to fill and cure a resin in the gap 
between the narrow portion 14a of the shaft 12 and 
the rotor body 10, but it is desirable to fill and cure 
resin to make the reinforcement of the shaft 12 
more complete. In this case, it is desirable, for 
pouring liquid resin from the hole 14a of the end 
plate 14 and filling the resin in ail of the gap, to 
provide holes 26b in the inner circumference 26a 
of the annular plate 26 to serve as channels for the 



liquid resin. The holes 26b are shown in Fig, 4. 
Channel holes may be provided in the node 24 as 
well. There is no inherent need for the node 24 to 
be a perfect annular shape. For example, notches 
5 may be provided every 60 degrees of angle, in this 
case, the notches act as the channel holes. Further, 
when forming the annular plate 26 by punching, the 
above-mentioned channel holes 26b may be 
punched out simultaneously. 
10 Comparing the value found by analysis of the 

magnetic flux density at the inner circumferential 
portion of the magnets near the narrow portion of 
the shaft upon magnetization in the rotor structure 
of the present Invention shown in Fig. 1 with the 
15 value of analysis of a rotor structure with a shaft 
without a narrow portion, it was confirmed that the 
magnetic flux density was increased about 7 per- 
cent In the above, the explanation was made of 
only the magnetization, but the same applies to 
20 leakage of magnetic flux caused by the magnets 
after magnetization in a motor using a rotor having 
the structure of the present invention after mag- 
netization is compfeted. Therefore, the output 
torque of the rotor according to the present inven- 
ts tion becomes larger than that of a rotor having a 
shaft without a narrow portion. 

As clear from the above explanation, according 
to the present invention, it is possible to provide a 
rotor structure which is inexpensive and free of 
30 almost any reduction in strength and which im- 
proves both the magnetization performance and 
output performance. 

EXPLANATION OF REFERENCE NUMERALS 

35 
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45 

1. A structure of the radiai type rotor which has a 
shaft comprised of a magnetic material and 
has a rotor core held by magnets, said struc- 
ture of the radial type rotor characterized in 

50 that the portion of the shaft opposing the rotor 

body is formed to be narrower than other por- 
tions and the gap between the narrow portion 
of the shaft and said rotor body is filled with a 
resin material which is then cured. 

55 

2. A structure of the radial type rotor which has a 
shaft comprised of a magnetic material and 
has a rotor core held by magnets, said rotor 
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structure of the radial type characterized in 

that the portion of the shaft opposing the rotor 
body is formed to be narrower than other por- 
tions and a thin node is formed at said narrow 
portion. 

3. A structure of the radial type rotor according to 
claim 2, wherein said node is formed at a 
center position of the narrow portion. 

4. A structure of the radial type rotor according to 
claim 2, wherein a gap between the narrow 
portion of the shaft and the rotor body is filled 
with a resin material which is then cured. 

5. A structure of the radial type rotor according to 
claim 3, wherein a gap between the narrow 
portion of the shaft and the rotor body is filled 
with a resin material which is then cured. 

6. A structure of the radial type rotor according to 
claim 2, wherein an annular plate comprised of 
a nonmagnetic material is made to be held by 
the rotor body at a position of the rotor body 
corresponding to the position of the node and 
the inner diameter dimension of the annular 
plate is made so that there is a suitable clear- 
ance with the outer diameter dimension of said 
node. 

7. A structure of the radial type rotor according to 
claim 3, wherein an annular plate comprised of 
a nonmagnetic material is made to be held by 
the rotor body at a position of the rotor body 
corresponding to the position of the node and 
the inner diameter dimension of the annular 
piate is made so that there is a suitable clear- 
ance with the outer diameter dimension of said 
node. 

8. A structure of the radial type rotor according to 
claim 4 wherein an annular plate comprised of 
a nonmagnetic material is made to be held by 
the rotor body at a position of the rotor body 
corresponding to the position of the node and 
the inner diameter dimension of the annular 
plate is made so that there is a suitable clear- 
ance with the outer diameter dimension of said 
node. 

9. A structure of the radial type rotor according to 
claim 5, wherein an annular plate comprised of 
a nonmagnetic material is made to be held by 
the rotor body at a position of the rotor body 
corresponding to the position of the node and 
the inner diameter dimension of the annular 
plate is made so that there is a suitable clear- 
ance with the outer diameter dimension of said 



node. 

10. A structure of the radial type rotor according to 
any one of claims 4, 5, 8, and 9, wherein said 

5 node has channel holes formed therein for 

passage of said resin material. 

11. A structure of the radial type rotor according to 
claim 8 or claim 9, wherein said annular plate 

10 has channel holes formed therein for passage 

of said resin material. 
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